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Monday, March 7, 2011 325adrug targets to block a certain cell phenotype, which they did successfully.
Future work will involve development of curricular materials based on this
freely available software package and an educational study to examine
whether students’ use of Netflux enhances comprehension compared with
traditional approaches.
1760-Pos Board B670
Graduate Program in Cell Analysis and Modeling
Charles W. Wolgemuth, Ji Yu, Raquell Holmes.
Modern cell biology integrates biological research with cutting-edge techno-
logical advances and mathematical and computational modeling. To succeed
in this burgeoning field, students from traditional biology backgrounds will re-
quire training that incorporates physics, math, and computer science. In addi-
tion, there is beginning to be a large flux of students from physics,
engineering, math, and computer science who are interested in applying their
skills to cell biology, but these students generally lack sufficient training in bi-
ology. To address the needs of both of these types of students, a new interdis-
ciplinary graduate program in Cell Analysis and Modeling has begun at the
University of Connecticut Health Center (UCHC). This program is geared to
students who are interested in understanding the biophysical and biochemical
mechanisms that underlie cell function. We use individually-tailored short
courses to address each student’s needs, while a minimal set of core classes
cover a breadth of topics in modern cell biology. Our faculty are broadly
multi-disciplinary, which allows students to work closely and concurrently
with experimentalists and modelers, and we strongly encourage research pro-
jects that incorporate both of these types of approaches.
1761-Pos Board B671
Improvement of Learning and Teaching Efficiency by Web-Associated
Seminars
Lars Kaestner, Anke Scholz, Sandra Ruppenthal, Benjamin Sauer,
Martin Oberhofer, Peter Lipp.
We face the situation that the number of medical students is increasing annu-
ally, without an appropriate adaptation of human resources for teaching. The
aim was to tackle that situation by conceptual changes that sustain or even im-
prove the educational level and the professional quality.
Taking advantage of recent investments in the faculties IT-infrastructure we de-
signed a web-associated teaching concept that combines the transfer of biolog-
ical knowledge and the operation of web-associated design (TYPO 3). Small
groups of students (n%10) design a web-page under a given topic in a problem
oriented manner. Each student has to evaluate/provide feedback to a given
number of web-pages designed by other student-groups. Such the students
can gain knowledge by ‘‘e-learning’’ and can based on the feed back consecu-
tively improve their own presentation.
With this procedure we intend to cultivate self-contained learning and working in
general. The web-pages become recourses of knowledge for the students during
their preparations for the examinations and during their further studies.We expect
this resources to grow over the next few years becoming a general compendium.
We can provide students evaluation of the seminars, but will not (yet) have re-
sults in terms of success rate in examinations compared to conventional presen-
tation based seminars as performed in previous years.
1762-Pos Board B672
Dimensional Analysis as a Tool to Introduce Biology Students to Physical
Reasoning
Justin S. Bois.
As students of biology begin their studies in biological physics, an effective
first lesson strives to develop a "feeling for the numbers" of biology [Phil-
lips and Milo, PNAS, 106, 21465-21471 (2009)], in which students become
acquainted with the length, time, and energy scales associated with systems
of interest and begin thinking quantitatively. The next crucial step is to use
these numbers to make more general inferences. To this end, it is both in-
structive and useful to perform estimates on biological systems in the spirit
of "Fermi problems." Though detailed calculations are unnecessary, estima-
tion often requires extensive physical insight. While the student will ulti-
mately learn the requisite physical principles, the task of performing
estimates can initially prove daunting. An important too in nearly all phys-
ical contexts, dimensional analysis gives the comfort of being formulaic, yet
still requires thought about what parameters might be important, without
necessarily requiring deep physical understanding. This provides a gentler,
though effective, introduction to physical reasoning for the uninitiated biol-
ogist. Furthermore, the process of performing dimensional analysis can ex-
pose interesting questions about what physical information is necessary,
providing student-discovered segues into further physical topics. We suc-
cessfully used this technique in a course for biology graduate students atthe Max Planck Institute of Molecular Cell Biology and Genetics in Dres-
den, Germany. In this talk, I will discuss our approach to teaching dimen-
sional analysis to biologists and discuss case studies in Brownian motion,
cytoplasmic mixing, interpretation of single-molecule motor experiments,
and microtubule buckling [Brangwynne, et al., J. Cell Biol., 173, 733-741
(2006)].
1763-Pos Board B673
Interdisciplinary Learning Experience in Biophotonics
James T. Gleeson, Arne Gericke, Robert Twieg, Doug Kline, John Stalvey.
Light provides a means to image, analyze, and manipulate living cells and
tissues. Photonic applications have produced a wave of new discoveries
that have revolutionized our understanding of a vast array of biological pro-
cesses. The exceptional scientific breadth of biophotonics research makes it
virtually impossible for a single science department to deliver all topics nec-
essary for a well-rounded basic undergraduate education in this rapidly pro-
gressing scientific area; therefore, we developed a new interdisciplinary
course. The instructors are from the Departments of Physics, Chemistry
and Biological Sciences and the students come from each of those depart-
ments as well. The course includes lecture, discussions, team activities and
projects, and practical experiments in optical foundations of fluorescence
spectroscopy and microscopy, organic fluorophore synthesis, advanced spec-
troscopy, and the use of microscopy in cell biology. Students work in inter-
disciplinary groups, which fosters peer-to-peer learning and develops their
communication skills in a cross-disciplinary setting. Students produce a port-
folio which is used for assessment and they present final team projects deal-
ing with the synthesis of organic dyes and their properties in vitro and when
introduced into living cells or projects dealing with the three-dimensional vi-
sualization of fluorescently labeled cells. Pre- and post-assessment of student
viewpoints revealed changes in attitude and perceptions. For example, as ex-
pected by the opportunities given in the course, more students indicated that
they had ‘‘designed, or worked with others to design, an experiment to test
a hypothesis’’. Following the course, there was an increase in the number
of students who felt that they ‘‘enjoy and feel comfortable working with
others in lab settings to solve problems together’’. Student attitudes toward
team teaching by several instructors became more positive after the course,
with a greater number of students feeling comfortable with a team-teaching
approach.
1764-Pos Board B674
Construction of a Magnetic Needle Viscometer for Use in Research and
Undergraduate Education
Thomas Lopez.
We have constructed a magnetic needle viscometer (MNV) to measure two di-
mensional interfacial viscosities in Langmuir monolayers at the air-water
interface. This device provides an accessible introduction to the fields of
soft materials, nanotechnology, and membrane biophysics. To construct our
MNV we have followed the work of Zasadzinski and colleagues (1). Currently
the focus of our design is on the development of real-time computer acquisi-
tion, image processing, and analysis. To accomplish this goal we have used
LabVIEW, a popular software package for data acquisition and analysis. By
achieving this, the MNV will be more student friendly. The graphic user inter-
face (GUI) allows the user to control the functions of; coil power supplies,
video capture system, water pumps, barrier direction, barrier speed, surface
pressure, and molecular area. The GUI also has the ability to do real time
image processing for needle speed extraction, allowing the user to respond
and control experimental parameters accordingly. This apparatus will have
applications in both research and undergraduate education. We will describe
a preliminary lab experience designed for a sophomore level Modern Physics
course.
Reference:
(1) Ding; Warriner; Zasadzinski; Schwartz; Magnetic Needle Viscometer for
Langmuir Monolayers,Langmuir 2002, 18, 2800-2806.Membrane Fusion I
1765-Pos Board B675
The Mechanism of Calcium-Mediated Hemifusion on the Pathway to Fu-
sion
Jason M. Warner, Ben O’Shaughnessy.
In many synthetic and biological membrane systems the pathway to fusion
passes through a hemifused intermediate where only proximal leaflets
326a Monday, March 7, 2011are fused. Evidence suggests the unfused distal leaflets engage one
another in a hemifusion diaphragm (HD) but the nature of this intermediate
is poorly understood even in protein-free systems where divalent cations
drive fusion of lipid vesicles. Recently lipid vesicle hemifusion was directly
visualized and quantitatively characterized for the first time [Nikolaus et al,
Biophys J, 2010]: nucleated HDs grew at ~20 ym2/s and fully developed
equilibrium HDs were microns in diameter and occupied ~9% of the surface
area of the hemifusing vesicles. We have developed a general model of hemi-
fusion which mechanistically explains these findings and predicts HD proper-
ties in many other published fusion experiments. We show membrane tension
and cationic electrostatic forces, resisted by interleaflet tension, peel back
proximal leaflets and grow the HD until the forces balance in equilibrium.
Model predictions are in excellent agreement with dynamic and equilibrium
HD measurements of Nikolaus et al. Our model predicts HDs occupied
3-7% of vesicle areas in other studies depending on the lipid composition
and calcium concentration. The predictions for time-dependent HD area and
HD tension constitute the necessary information for a quantitative model of
the entire hemifusion-fusion pathway via HD rupture. In vesicle-planar bilayer
systems [Chanturiaya et al, PNAS, 1997], a common model of vesicle-plasma
membrane fusion, we show the equilibrated HD constitutes half the area of the
vesicle which straddles the planar bilayer. In cellular systems we argue that
calcium levels that trigger intracellular fusion are often sufficient to induce
strong local tensions which may drive HD growth in preparation for
SNARE-dependent fusion.
1766-Pos Board B676
Model of Membrane Fusion Driven by SNARE Clusters
Ben S. Stratton, Jason M. Warner, Ben O’Shaughnessy.
SNARE proteins are believed to be the minimal fusion machinery but the
detailed mechanisms whereby membranes are brought together and fusion
is provoked remain poorly understood. Here we quantitatively model the en-
ergetics and forces involved during assembly of a single SNARE complex
and then a cluster of SNAREs as realized in reconstituted vesicle-supported
bilayer systems. A single complex is created when the vesicle v-SNARE
engages the t-SNARE in the planar target membrane. As the SNARE
cytoplasmic domains zip into the four-helix bundle the membranes are
pulled closer together. We calculated the pulling force exerted by the com-
plex as assembly progresses and we show it is almost independent of the
number of zipped SNARE residues. One complex is sufficient to overcome
repulsive membrane-membrane forces and allow assembly but membranes
are brought no closer than a few nm, a proximity which may be insufficient
for fusion. This is consistent with a recent report that ~5-11 complexes were
required for fusion [Karatekin et al, PNAS, 2010]. When additional com-
plexes can form, we find that in the energetically optimal configuration mul-
tiple complexes cluster into rings. As additional SNARE complexes add to
the ring, its diameter grows and the final size is determined by a balance of
steric repulsions between SNARE complexes and other forces. The greater
the number of complexes in the ring, the closer the membrane surfaces.
This allowed us to rationalize the experimentally measured number of
SNARES required for fusion in terms of a membrane proximity requirement
for fusion.
1767-Pos Board B677
Electric Field Effects on Bio-Membrane of Spherical Cells
Mehdi Neek-Amal, Alireza Lajevardipour, Hamid Reza Sepangi.
Various properties of cell bio-membranes or vesicle membranes in an external
electric field and free salt environment are studied and reviewed. This is done
by calculating the radial forces acting on cells generated as the result of an ap-
plied electric field and the ensuing charge re-distribution. Our results could
shed light on mechanisms responsible for the observed deformation and fusion
of cells.
A series of experiments on giant vesicles have been reported [1,2] which ex-
hibit several aspects of the Electro-Deformation and Poration of giant vesicles
both in free-salt and ionic environments. Obviously all phenomena related to
the application of an electric field to bio-cells, such as vesicle deformation
and fusion, relate to several physical properties of intracellular and extracellu-
lar parameters.
This study provides a computational framework to investigate the behavior
of spherical cells under the influence of electric field strengths within the
range 0.6-2.0 kV/cm. The model presented in this research shows that stron-
ger electroformation and fusion exist when conductivity of the cell is low.
The induced dipole moment on cells is computed and the attractive force be-tween two polarized cells is derived. The attractive force decreases when the
membrane thickness is increased and is stronger for higher electric field
strengths. Charge distribution on the surface of cells and, therefore, the ap-
plied force may vary as the membrane thickness changes. This causes mac-
ropores to nucleate and move closer to the cell poles where the
transmembrane potential is at its maximum value. We propose a simple for-
mula for the charge distribution on a deformed cell, here an ellipsoid, which
would fit reasonably accurately the present and, hopefully, the future exper-
imental data.
[1] K.A. Riske, R. Dimova, Biophys. J. 88 (2005) 1143
[2] K.A. Riske, et. al., Biophys. Rev. Lett. 4 (2006) 387
1768-Pos Board B678
The Transmembrane Domain (TMD)AS a Candidate for the Voltage
Sensor in Fusion Mediated by Class II and Class III Viral Fusion Proteins
Ruben Markosyan, Margaret Kielian, Fredric Cohen.
We have shown that fusion of cells expressing class II or III proteins and
fusion of pseudovirions bearing these proteins to target cells is voltage de-
pendent: fusion is inhibited by positive trans-membrane voltages across the
target membrane. In contrast, fusion mediated by class I viral proteins is
independent of voltage. We showed that voltage dependence is shallow,
~e-fold for 25 mV changes and that the voltage-dependent steps are down-
stream of hemifusion. These findings would be consistent with TMDs as the
voltage sensor. We tested this by preparing chimeras consisting of the ecto-
domain of influenza HA (a class I protein), the TMD of VSV G (a class III
protein), and the cytoplasmic tail of either influenza HA (yielding HGH) or
VSV G (HGG). The chimeras and WT HA were separately expressed in
effector cells and fusion to target cells was monitored by aqueous dye
spread. Fusion required that the effector cells be pretreated with trypsin
(to cleave the HA0 ectodomains) and low pH. Voltage was made positive
across cell membranes by addition of a sodium ionophore (SQI-Pr). In the
absence of ionophore (trans-negative voltage), fusion proceeded for WT
HA and the two chimeras. But the addition of the ionophore abolished fu-
sion mediated by either of the chimeras. This strongly indicates that the
TMD of VSV G confers voltage sensitivity to the fusion process. Supported
by NIH GM27367.
1769-Pos Board B679
Bilayer Structural Changes to Predict Fusogenic Activity of Influenza
Hemagglutinin Mutants
Peter Kasson.
Influenza hemagglutinin catalyzes membrane fusion to bring about viral en-
try, but many of the specific mechanisms by which hemagglutinin fusion pep-
tides act on the target membrane remain unknown. A series of mutagenesis
studies have shown that even fairly minor changes to certain residues of
the fusion peptide can result in hemifusion arrest or block fusion altogether.
This fusogenic activity is thought to manifest in changes to the membrane. In
recent work, we have performed simulations of influenza fusion peptides in
lipid bilayers and shown that these peptides cause an increase in lipid tail pro-
trusion; we and others believe this protrusion to be characteristic of the tran-
sition state for fusion stalk formation. We have now simulated a series of
fusion peptide mutants, showing that this increase in lipid tail protrusion
near the fusion peptide correlates with ability of the mutant hemagglutinin
to drive fusion stalk formation in experimental assays. We thus propose
that lipid tail protrusion, or bulging, into the polar layer between bilayers
may be an important mechanism by which fusion peptides perturb the mem-
brane to bring about fusion.
1770-Pos Board B680
The Copolymer Surfactant P188 Reduces Tension in Permeabilized Cell
Membranes
Juliana Oliveira, Hongfeng Chen, Michael Cho, Raphael C. Lee.
Introduction: Certain biocompatible block copolymer surfactants have been
found to have important cytoprotective membrane sealing properties. Resealing
of disrupted cell membranes through normal cellular endogenous vesicle-
membrane fusion pathways is preceeded by a decrease in membrane line ten-
sion. It has been postulated that a similar decrease in membrane line tension
preceeds sealing of permeabilized cell membranes by block copolymer surfac-
tants such as Poloxamer 188 (P188).
Methods: To test this concept we measured effects of sub-CMC P188 on line-
tension in saponin permeabilized plasma membranes of MDCK cells in mono-
layer cell culture. 10 kDa neutral dextran was used an osmotic control. By
recording quasi-static strain laser optical tweezer distraction of membrane-
